ABSTRACT: The summer fishing moratorium system practiced annually by the Chinese government aims to protect fishery resources and restore the marine ecosystem in the East China Sea. To evaluate the effects of the moratorium on the fish community, temporal changes in the structure and function of the fish community in the northern East China Sea were examined based on data from bottom trawl surveys from 2000 to 2007. The results revealed that the fish community has undergone a directional change, in terms of relative biomass composition, following the implementation of the moratorium, with increasing trends in Pseudosciaena polyactis and Lophius litulon and decreasing trends in Pampus argenteus and Acropoma japonicum. However, the changes in species composition have not resulted in the expected positive changes in the functioning of the fish community. The fish community in the study area was still moderately or heavily disturbed, based on abundance-biomass comparison analysis. Moreover, no positive trends were observed in the indicators related to the stability and functioning of the fish community (e.g. the biodiversity and the slope and intercept of the size spectrum). Therefore, the summer moratorium system does not clearly fulfill restorative expectations for the fish community. To protect the health of this ecosystem, a comprehensive set of further fishery restrictions must be imposed in the area.
INTRODUCTION
Heavy fishing is a major threat to the structural and functional organization of marine ecosystems (Hall 1999 , Hollingworth 2000 , Jackson et al. 2001 ). In the East China Sea (ECS), most of target stocks were under-exploited before the 1980s, and the fish community was in an almost pristine state due to the low fishing pressure (Cheng & Fan 2001 , Xu & Liu 2007 . Since the 1980s, fishing equipment has been improved, and the number of fishing vessels has increased greatly. Hence, the fishing pressure on commercial stocks has increased considerably. Due to the intense fishing pressure, decreases in the abundance of main target species and the commercial extinction of some important species, such as croceine croaker Larimichthys crocea and elongate ilisha Ilisha elongate, have been observed in the ECS during the 1980s to 1990s (e.g. Lin & Cheng 2004 . Moreover, changes in fish community structure have also been detected (Cheng & Yu 2004) . The community-level changes were especially remarkable in the northern East China Sea (NECS), which is considered one of the most important marine fishing grounds in China. The excessive exploitation of marine fish has led to a great loss in biodiversity and changes in the structure and species composition of the fish community in the area. The dominance of small, fast-growing and non-commercial species in the late 1990s, including glowbelly Acropoma japonicum, benttooth Champsodon snyderi, cardinalfish Apogon lineatus, increased significantly compared to that in the pristine state in the 1960s, whereas a decrease in the relative abundance of large-scale, commercial species and in the mean weight of these populations were observed under the impacts of fishing , Li et al. 2007 .
In order to protect fishery resources effectively, the Chinese government has since 1998 implemented a new seasonal fishing moratorium system (annually from 16 June to 15 September) in the sea areas north of 26°N. During the annual moratorium, the 2 main types of fishing gear (bottom trawling and stow net fishing) are banned. Fishing efforts declined sharply in summer, following the declaration of the moratorium, and subsequently returned to the original level after the 3 mo moratorium.
Since most fish species in the study area spawn annually in summer (Zhuang et al. 2006) , the summer fishing moratorium system was expected to protect the young of importantly commercial species and restore the disturbed marine ecosystem. Previous studies revealed that some target stocks have restored gradually. Catch rates and fish sizes for these stocks have increased to different degrees (Cheng et al. 1999 . But how the status of the fish community has changed since the implementation of the moratorium was not clear. Hence, we used a suite of community metrics to explore changes in the structure of the fish community during the recent decade, which should help us to comprehensively evaluate the effects of the moratorium.
However, we could not simply evaluate the effects of the moratorium on the fish community by comparing the 2 discrete time series separated by the implementation of fishing moratorium system, because there was no comprehensive information on the status of the fish community structure prior to the full implementation of the fishing moratorium in the NECS. Hence, we must look for consistent changes over time that might indicate the effects of the summer fishing moratorium system on the fish community. Changes in the fish community in a presumably positive direction, which would be reflected through temporal changes in community metrics, were expected following the moratorium. If consistent changes occurred and there was evidence that the changes were caused by decreased fishing pressure following the moratorium, we could conclude that the moratorium had played a positive role in the restoration process of the fish community in the study area.
Several community metrics have been proposed to reflect the changes in the fish community in relation to fishing (Rice 2000 . Most are sensitive to specific aspects of structural or functional change in a community, and each has particular advantages and disadvantages (Magurran 1988 , Greenstreet & Hall 1996 , Rice 2000 . Thus, we examined multiple indicators to capture the structural and/or functional changes in the study community. We used species diversity indices to examine the variation in species richness and evenness, abundance-biomass comparison (ABC) curves to evaluate the status of the fish community, time-lag analyses to explore the temporal variation in fish community composition in terms of relative biomass, and size spectra to examine the functional changes in the NECS fish community over the period from 2000 to 2007.
MATERIALS AND METHODS
Study area. Fig. 1 shows the study area. It is located in the NECS, which is a large continental shelf sea, extending from 29°30' to 31°30' N and from 123°00' to 125°00' E. The area is characterized by high productivity, due to the comprehensive influence of Yangtze River Diluted Water, Chinese Coastal Water, and the Taiwan Warm Current (Lie & Cho 2002) . The Zhoushan and Yangtze River estuary fishing grounds are both located in the area, which is known to be the spawning and feeding grounds for many commercially important species, such as hairtail Trichiurus haumela and small yellow croaker Pseudosciaena polyactis (Zhuang et al. 2006) . Hence, the analysis of changes in the fish community in this area is advantageous to the evaluation of effects of the summer moratorium system on fishery resources and the marine ecosystem.
Data sources. The present paper presents an analysis of changes in the community structure in the NECS using data from bottom trawl surveys that were conducted in late April in the years 2000 to 2007. During each cruise, 19 to 22 tows of 1 h each (3 knots) were carried out with pair-trawlers fitted with 25 mm mesh cod end line. The sampling stations were randomly selected, generally from single sampling stations established at intervals of 0.5°N × 0.5°E. The abundance and biomass of all species in the catch were determined, either through total counts, if the haul was manageable, or through sub-sampling, if the catch was large.
Since April was one of the months farthest from the end of the moratorium, it was useful in evaluating the survey data regarding the more enduring effects of the moratorium, while the present study was not particularly sensitive to the immediate benefits of the closure.
Species diversity and dominant species analysis. Since the individual sizes of fish species differed greatly, the indices over the period from 2000 to 2007 in the study area were expressed in the terms of relative biomass (kg h -1 ) rather than number of individuals (Wilhm 1968 , Xu & Jin 2005 . The Shannon-Wiener diversity index H ' was used for species diversity, and Pielou's evenness index J ' was used for evenness. The diversity indices N1 and N2 of Hill (1973) were also assessed, as they are less sensitive to the dominant species and the sampling effort, respectively, than those previously mentioned (Lande 1996 , Blanchard et al. 2004 . Any changes in these diversity indices were determined using the non-parametric Spearman rank correlation coefficient (Zar 1999) .
According to Jin & Tang (1996) , Hill's N2 was also used to examine the variation in the number of dominant species. Dominant species were determined by their percentages in the total catch by weight.
Abundance-biomass comparison. An ABC curve consists of 2 K-dominance curves, 1 each for biomass and abundance. The difference between the 2 curves may assume 3 possible forms, representing undisturbed, moderately disturbed and heavily disturbed fish communities (Warwick 1986 , Warwick et al. 1987 . For undisturbed communities, it is expected that the biomass curve lie above the abundance curve throughout its entire length when biomass is dominated by one or several large species represented by only a few individuals. At moderate disturbance, the large competitively dominant species are eliminated, and the inequality in size between the numerically dominant species and the species with high biomass is reduced, so that biomass and abundance curves are close and may intersect. As disturbance increases, communities become dominated numerically by one or several small species. In this case, the abundance curve is above the biomass curve throughout its length. We were also able to use the W-statistic as an indicator of the status of fish communities; this statistic is based on the relative positions of the 2 K-dominance curves. The lower the W-statistic was, the more heavily the fish communities were disturbed (Blanchard et al. 2004) .
ABC curves were constructed and the W-statistic was calculated using PRIMER soft (Warwick & Clarke 1994) . Time series of the W-statistic were assessed for significant trends using the non-parametric Spearman rank correlation coefficient (Zar 1999 , Yemane et al. 2005 .
Size spectrum. The size spectrum, relationships between abundance and body size regardless of taxonomy, can be calculated from simple size-abundance data. This measure was proposed by Sheldon et al. (1972) and was considered to be an index reflecting the functional properties of fish communities (Blanchard et al. 2005) . The underlying hypothesis, based on trophodynamic transfer efficiencies, is that, although the richness and relative abundance of species is highly variable, the biomass and numbers of individuals (polled across all species) decreases log-linearly with size. The slope and intercept of a size spectrum are properties of the size spectrum that can be compared within a single community over time. Differences in productivity should appear as differences in intercepts, whereas differences in transfer efficiencies should appear as differences in slopes (Boudreau & Dickie 1992 , Rice & Gislalson 1996 .
The original data were catch numbers standardized by length category. Individual weights were transformed to lengths using the standard equation L = 100 × W 1/3 (Xu & Jin 2005 ). All indi- viduals were divided into 7 size classes. Size spectra were constructed by plotting the natural logarithm of the summed numbers against the natural logarithm of midsize in the corresponding size class. Positive or negative trends in the slopes and intercepts of size spectra were evaluated by comparing the rank correlation statistics for the time series. Temporal variation of species composition. Many community metrics are necessary in order to quantify temporal variation in the relative abundance of species in a community (Frost et al. 1995 , Micheli et al. 1999 . To detect changes in species composition with time, we calculated Euclidean distances of timelagged abundance matrices, regressed this distance against the square root of the time lag (linear regression), and used the slope of this relationship as an indicator for change (Collins et al. 2000 .
The analytical steps were as follows: the first step in the analysis was to calculate a triangular dissimilarity matrix from the species-by-time rectangular data matrix using Euclidean distances. To reduce the weighting of abundant species, we calculated Euclidean distances based on the relative biomass data through root-root transformation (Field et al. 1982 , Clarke 1993 ; next, the Euclidean distance values were plotted against time lag for all lags below the diagonal in the triangular resemblance matrix. In the present study, there were 7 one-year time lags (2000 vs. 2001, 2001 vs. 2002, … 2006 vs. 2007 ), 6 two-year time lags (2000 vs. 2002, 2001 vs. 2003, … 2005 vs. 2007 ) through 1 seven-year time lag, for a total of 28 time lags over the entire data set. The time-lag analytical approach can produce a number of general theoretical patterns with time-series data. If the regression line is significant, positive, and linear, then it implies that the assemblage in question is undergoing directional change. If the regression line is not significant or the slope is not significantly different from zero, then it implies fluctuation or stochastic variation over time. If the slope of the line is negative, then it implies the species composition is converging on a community-type characteristic of one of the early sample periods.
RESULTS

Species diversity and dominant species
The 4 diversity indices (H ', J ', N1, N2) used in the NECS during the study period are shown in Table 1 . The results of time series for these indices indicated that there were no significant time trends for the 4 diversity indices (p > 0.05 in all cases). Dominant species determined by using Hill's N2 and their percentages in the total catch by weight are shown in Table 2 . The number of dominant species appeared to fluctuate during the study periods, with a 268 
Abundance-biomass comparison
Size spectrum
The linear model with ln-transformed size class as the term fit the ln-transformed abundance well for all years. All slopes and intercepts were significantly different from 0, with all slopes being negative (Table 3 ). In the study periods, the trends over time in the slope and intercept were not significant (p > 0.05 in all cases). Table 4 is the Euclidean distance (ED) resemblance matrix. Cells in the ED matrix represent distances between samples over time. The estimated slope of the Euclidean distances regressed against the square root of the time lag was 1.297 (F = 8.145, df = 26, p = 0.008, linear R 2 = 0.238; Fig. 3) . Unfortunately, the regression coefficient R 2 was small due to the high stochastic variation between sample intervals, but we could still conclude that the fish community in the present study was undergoing directional change (Collins et al. 2000) .
Species composition
Time series of the catch per unit effort (CPUE) of some important fish species and their percentages in the total catch were assessed using the non-parametric Spearman rank correlation coefficient to identify the species responsible for directional changes in the fish community. A total of 89 fish species were encountered in the surveys. 'Important species' occurred in all 8 survey years. The number of these species was 22, and they accounted for at least 79% of the total catch by mass during the survey period from 2000 to 2007. Therefore, these species basically represented the species composition of the study community. Time-series analysis for the CPUE of 22 populations indicated that there were significant changes in 4 populations during the study period; 2 populations increased significantly (small yellow croaker, anglerfish Lophius litulon), while 2 populations significantly decreased (silver pomfret Pampus argenteus, glowbelly). At the same time, the percentages in the total catch for these 4 populations also underwent significant changes, with 2 populations (small yellow croaker, anglerfish) increasing and 2 populations (silver pomfret, glowbelly) decreasing (Table 5 ). 
DISCUSSION AND CONCLUSIONS
The summer fishing moratorium has been fully implemented in the ECS for >10 yr. One might expect the moratorium to have played a positive role in improving the structure and function of the fish community and restoring ecosystem health in the study area. However, the above results provide no evidence that the fish community developed in the expected direction following the implementation of the moratorium. Most of community metrics indicated that the fish community did not change in the expected positive directions.
Diversity indices are classic in the research field of community ecology. Since there is a positive relationship between diversity and ecosystem functions and structures (Worm et al. 2006) , the metrics of species diversity have been used widely to capture the changes in fish communities. In the NECS, the fish community had experienced great losses of species richness and species diversity due to over-fishing during recent decades , Li et al. 2007 ). The recovery of species diversity was expected following the declaration of summer moratorium. Unfortunately, none of the diversity indices showed a significant directional change in the studied area during the entire study period, and the present diversity indices were clearly lower than those determined for the pristine state found in the 1960s, for which the diversity indexes H ' and J ' were 2.59 and 0.68, respectively (Li et al. 2007) . The above results suggest that the fishing moratorium system did not play a clearly positive role in the recovery of species diversity in the study area.
In the present study, the results of the ABC curves and their corresponding W-statistics for the fish communities suggested that the fish community in the NECS was moderately or heavily disturbed. Based on theory regarding the ABC method, the community is supposed to be dominated by r-selected species (fast-growing, small, opportunistic) in a disturbed state (Warwick 1986 , Warwick & Clarke 1987 ). During our study period, the dominance of r-selected species had increased significantly in the fish community compared to their presence in the pristine state in the 1960s , Li et al. 2007 ). On the one hand, the dominance of small, fast-growing fishes had increased significantly (Li et al. 2007 ). On the other hand, the biological parameters, including average body length and median age at maturity, of some typifying species of the community, such as small yellow croaker and hairtail, had decreased compared to those determined in the pristine state before the 1980s, showing the survival strategy of these stocks to have changed to that of r-selected species (Zhou et al. 2002 , Lin & Cheng 2004 . Details on the present life-history parameters of the dominant species are shown in Table 2 .
After implementation of the summer moratorium, one might have expected decreased stress in the study community. Although the summer fishing moratorium system was strictly implemented by the Chinese Government, the moratorium did not significantly decrease the stress on the fish community in the study area, as indicated by W-statistics (Fig. 2) . This is probably due to the seriously increased fishing pressure after the 3 mo annual moratorium implementation. Cheng et al. (2006) compared trawl survey data collected in the NECS in 1962 with that collected in 2006 and found there was a decreasing trend in the slope of the size spectrum, reflecting changes in turnover rate toward a relative decline. In our study, no significant 271 Silver pomfret -0.857** -0.762** trends in the slopes or intercepts of size spectra were found in the study periods, which indicated that productivity and turnover rate of the community studied did not exhibit recovery. We might conclude that the effects of the summer moratorium on community function in the NECS were not obvious. Although no time trends were found in the aggregate indicators of the study community, including species diversity, W-statistics, and the slope and intercept of the size spectrum, a directional change in the composition of the fish community in terms of relative biomass was detected following the implementation of the summer fishing moratorium system. The most obvious characteristics of the change were that the temporal trends in the dominance of the main target species were variable. After the summer fishing moratorium was carried out, temporal changes in the relative and absolute biomass of dominant species were different. Above all there were 3 forms of change, namely increase, fluctuation, and decrease. Temporal changes of the 3 most dominant species, small yellow croaker Pseudosciaena polyactis, hairtail Trichiurus haumela, and silver pomfret Pampus argenteus followed the 3 forms, respectively.
The CPUE of small yellow croaker, which was considered one of the most dominant species in the study area, increased significantly from 2000 to 2007 (Table 5) . According to previous studies (Lin & Cheng 2004) , there were 2 main reasons contributing to the increase in the population of small yellow croaker. First, was the early maturity of the species, which benefitted the recruitment, and, secondly, the nursery period coincided with the summer moratorium. The annual spawning season for small yellow croaker is from April to June, and the following months, July to September, represent a critical stage in juvenile development. Therefore, the summer moratorium, which runs from 16 June to 15 September, increased the survival rate of juveniles and thereby promoted the stock.
The population of hairtail was fluctuating during the study period, which could be attributed to the unstable population structure (Mi 1997 , Zhou et al. 2002 . The hairtail population was predominantly in the lower age groups, and the annual recruitment clearly affected the total biomass of the population. The fluctuation of the hairtail population may be caused by the changes in environmental conditions that affect the recruitment period.
Silver pomfret was one of the most commercially valuable species in the ECS, and had been confronted with more intense fishing pressure than other species for a long time. Moreover, it was the main target species for gill net fishing, which was not banned by the moratorium. Therefore, silver pomfret was under intense fishing pressure, even during the moratorium.
Consequently, it did not recover in spite of the implementation of the moratorium (Table 5) .
In summary, the results of the present study revealed that the fish community structure of the NECS was not stable, but underwent directional changes in terms of relative biomass composition following the implementation of the summer fishing moratorium. Since the dominance of small yellow croaker increased significantly, the dominance of other stocks would be expected to decline correspondingly. The fish community structure might, therefore, become less diverse. The changes in species composition somehow did not result in positive changes in the functioning of fish community. The results of ABC analysis showed that the fish community was still moderately disturbed. And the indicators related to the stability and functioning of fish community, such as biodiversity and the slope and intercept of the size spectrum, showed no positive trends during the study periods.
All of these factors indicated that the summer moratorium was only beneficial to certain stocks, but did not play a positive role in the restoration process of fish community structure and function in the study area. The moratorium merely shifted fishing efforts from the summer to other seasons, and annual fishing effort was not effectively reduced. Under the heavy fishing pressure, the structure and function of the fish community could not quite recover. To ensure the maintenance of a healthy ecosystem, a comprehensive set of restrictions on fishing efforts must be imposed on the fishery in the area. According to successful programs attempted around the world, creating MPAs (marine protected areas) or no-take zones around important spawning and nursery sites may help depleted local fisheries recover, as well as helping to reduce the impact of fisheries on marine ecosystems. 
